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D scription 

Field of the Invention 



[0001] The present invention relates to a catalyst for partial oxidation of hydrocarbon and a process for preparing 
an oxygen-containing organic compound using the catalyst. 



Prior Art 



f00021 A process for converting hydrocarbon into an oxygen-containing compound using oxygen is very useful and 
has given various benefits to the modern chemical industry. However. ,t is considered difficult with some exceptions, 
to produce an alcohol and a ketone as useful compounds directly from saturated hydrocarbon or to produce an expox.de 
directly from unsaturated hydrocarbon. For example, only the production of cyclohexanol or cyclohexanone from cy- 
clohexane is industrially carried out in the technique of converting saturated hydrocarbon into an alcohol and a ketone 
using molecular oxygen as an oxidizing agent. While the production of ethylene oxide from ethylene is industrially 
conducted in the techniques of converting unsaturated hydrocarbon into an epoxide, it is thought that great difficulty 
,s encountered in a one-step preparation of an epoxide from other unsaturated hydrocarbon, e.g. propylene ox.de from 

r0003r Some conventional techniques are described in publications concerning the conversion of saturated hydro- 
carbon into an alcohol and a ketone and the conversion of unsaturated hydrocarbon into an epoxide by oxidation 
reaction using molecular oxygen. However these techniques pose problems that a reaction temperature of 200 C or 
higher is required and that even if the product of partial oxidation ,s obtained at an intermediate stage, sa.d product .s 
further successively oxidized. That is. the techniques are thought unsuitable for practical use. 

r00041 Japanese Unexamined Patent Publication No 1 27550/1 996 discloses a process for prepar.ng an oxygen- 
containing organic compound such as an alcohol a ketone, an epoxide or the like by oxidation of hydrocarbon w.th 
oxygen using a gold-titanium oxide-containing catalyst in the presence of molecular hydrogen. The disclosed process, 
however has the following drawback. The oxidation temperature is limited to about 50 to about 150°C at which the 
oxidation of hydrogen proceeds at a proper rate. If the reaction is effected at a higher temperature, the ox.dation of 
hydrogen excessively proceeds, disadvantageously leading to a reduced conversion of hydrocarbon to oxygen<on- 
taining organic compound. To avoid this disadvantage, the oxidation temperature is limited. Consequenily. the process 
is applicable only to limited hydrocarbons among those of various reactivities. For example, in preparation of an oxygen- 
containing organic compound having a high boiling point, the reaction product is not desorbed from the surface of the 
catalyst due to too low a reaction temperature and is further oxidized to give carbon dioxide resulting in lower selectivity. 

Disclosure of the Invention 

r00051 The present invention was accomplished to overcome the foregoing problems. A primary ob|ect of the inven- 
tion is to provide a process for preparing an oxygen-containing organic compound from hydrocarbon, the process being 
capable of stably produc.ng the compound at a high selectivity and a high conversion, and the process being widely 
applicable to hydrocarbons of different reactivities. 

[0006] in view of the foregoing prior art problems the present inventors conducted extensive research and found 
the following When hydrocarbon is partially oxidized with molecular oxygen using a catalyst comprising ultra-fine gold 
particles immob.lized on a titanium-containing oxide in the presence of a reducing compound such as carbon monoxide, 
nitrogen monoxide or the like, the desired oxygen-containing organic compound can be stably obtained in a w.der 
temperature range and at a higher selectivity and a higher conversion than when a reaction is conducted in the presence 
of molecular hydrogen. The present invention was completed based on this novel finding. 

[0007] According to the present invention, there are provided the following catalysts for partial ox.dation of hydro- 
carbon and the following processes for preparing an oxygen<:ontaining organic compound: 

1. a catalyst for partial oxidation of hydrocarbon in the presence of a reducing compound, the catalyst comprising 
ultra-fine gold particles immobilized on a titanium-containing oxide: 

2 the catalyst as defined in item 1 . wherein the ultra-fine gold particles have a particle s.ze of 10 nm or less. 

3 the catalyst as defined in item 1 or 2. wherein the titanium-containing oxide is at least one ox.de selected from 
the qroup consisting of titanium oxide, titanium-containing complex oxide and titanium-containing silicate. 

4 a process for preparing an oxygen-contain.ng organic compound, the process. comprising the step of oxidizing 
hydrocarbon with oxygen in the presence of the catalyst as defined in any one of items 1-3 and a reducing com- 

^the process as defined in item 4 wherein the reducing compound is at least one compound selected from the 
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group consisting of carbon monoxide, nitrogen monox.de. dinitrogen monoxide, alcohols, aldehydes, phenols, 
formic acids, oxalic acids and cyclohexadienes: 

6. the process as defined in item 4 or 5. wherein an alcohol and/or a ketone is produced by partial oxidat.on of 
saturated hydrocarbon: and . 

7. the process as defined in item 4 or 5. wherein an epoxide is produced by partial oxidation of unsaturated hy- 
drocarbon. 

[0008] The catalyst for partial oxidation of hydrocarbon according to the present invention (hereinafter referred to 
merely as "catalyst") comprises ultra-fine gold part.cles immobilized on a titanium-containing oxide. 
r0009l Preferably the gold in the catalyst of the present invention is in the form of ultra-fine particles hav.ng a part.de 
size of 10 nm (nanometer) or less, and the ultra-fine gold particles are supported as firmly immob.lized on a titan.um- 

containing oxide as a support. nnn , a v. t,i 

[00101 The proportion of the gold in the catalyst of the present invention is preferably at least 0.001 .. by weight, 
more preferably 0 01 to 20% by weight, most preferably 0.05 to 10% by weight, based on the titanium-containing oxide. 
If the proportion of the gold supported on the oxide is less than 0.001% by weight, the activity of the catalyst is reduced. 
Hence it is undesirable. On the other hand, even if the proportion of the gold supported on the ox.de ,s more than 20 . 
by weight the catalytic activity is not further improved over that of the gold supported on the oxide in the above proportion 
ranqe Thus the surfeit of gold is of no use. Hence the proportion outside said range is undes.rable. 
[00111 The type of the titanium-containing oxide is not limited. For example, titanium oxide, titan.um-containmg com- 
plex oxide titanium-containmg silicate or the like can be used. Especia.ly suitable are those having a .great . specific 
surface area. The shape of the titanium-containing oxide is not limited, and includes, for example powders and other 
shapes of moldings. 

100121 The titanium-containing oxides can be used alone or in combination 

0013 Among these titanium-containing oxides, preferred titanium oxides are those having relatively small primary 
oarticle size of about 10 to about 200 nm and having a relatively large specific surface area of about 5 rn^/g or more. 
m014l Preferred examples of the titanium-containing complex oxide are those having a relatively large specific sur- 
face area such as titania-silica. mania-alumina, titania-z.rcon.a and the like. Other preferred examples thereof include 
oxides such as FeTi0 3 . CaTi0 3 . SrTi0 3 , etc Among them it is suitable to use complex oxides wherein titanium ox.de 
is supported as highly dispersed on an oxide carrier having a large specific surface area. 

f00151 Favorable titanium-containing silicates are porous materials containing titanium in the silica network. More 
preferred titanium-containing silicates are those having a large specific surface area and containing titanium atoms 
m «*\ as hiqhly dispersed and isolated in the network of silica. Such titanium-containing silicates are known. For ex- 
ample, it is desirable to use zeolite ( X type Y type. ZSM-5. ZSM-48. etc. ) materials wherein aluminum s partly . replaced 
with titanium, and titanium ,s incorporated in the zeolite lattice, mater.als where.n mesoporous s ***J^*£ 
mosopores (MCM-41. MCM-4S MCM-50. etc ) is partly replaced with titanium atoms, microporous t.tanos.l.calite (so- 
called I TS-1 Ts-2 etc ) wh,ch is a titanium-silicon complex ox.de. and so on. Useful titanium^onta.nmg s.l.cates include 
those wherein a small amount of titanium oxide ,s supported as highly dispersed on these ,itanium ^;f^ o s, l^ l , !!■ 
r00161 The proportion of the titanium in the titanium-containing silicate is in the range of preferably 1/ 000 to 20/100. 
more preferably 1/100 to 10/100. calculated as the Ti-Si atom ratio (here.na.ter referred to as "Ti/Si ). If the proportion 
of the titanium is less than T./Si=l/1000 the catalyst exhibits the same degree of catalytic performance as a catalyst 
comprising silica support alone, and selective oxidation of hydrocarbon does no. occur Hence the proportion of the 
titanium outside said range is undesirable 

[0017] The titanium-containing oxide can be used as immobilized on a molded carrier to further increase the catalytic 
activity Useful earners are titanium-free metallic oxides, mater.als produced from various kinds of metals, or the like. 
Examples are ceramics made from alumina (aluminum oxide: Al 2 0 3 ). silica (silicon dioxide. Si0 2 ). magnesia (magne- 
sium oxide: MgO). cordierite. zirconium oxide, complex oxides thereof or the like, foamed products made from metals, 
honeycomb carriers made from metals, pellets of metals, etc. „„„Hi„o 
[00181 Preferred earners are those containing at least one of alumina and silica. Among them, those containing sil ca 
are more preferred. The term "those containing. . . alumina and silica" is used herein to include carriers containing zeolite 

so (aluminosilicate) or silica alumina. 

[00191 There is no restriction on the foregoing carriers with respect to the crystal structure, shape, size and he hke. 
However, preferred are carriers having a specific surface area of preferably 50 m^/g or more, more pre erably 1 00 m 
gTmore At 50 m*/g or more, side reactions such as successive oxidation can be more inhibited, resulting ,n efficient 
oartial oxidation of hydrocarbon and in increase of catalytic activity. 
55 [00201 When the titanium-containing oxide is used as immobilized on a carrier, a preferable amount of the ^an.um- 
contaLq oxide to be used is about 1 to about 20% by weight based on the carrier. The titanium-containing oxide can 
be upporteron silica, alumina or like carriers by a zol-gel method using a.koxide. a kneading ^^JJ 
method or the like According to these methods, the titanium-containing oxide can be immob.lized as dispersed on the 
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carrier to provide the so-called island structure. 

[0021] Next a process for preparing the catalyst tor use in the invention is described. 

[0022] The process for preparing the catalyst to be used in the invention can be any process insofar as it is capable 
of immobilizing ultra-fine gold particles on a titaniur ontaining oxide 

[0023] Specific examples of such process include . : precipitation processes, e.g. the process of producing a titanium- 
containing metallic oxide having ultra-fine gold particles immobilized thereon which process is disclosed in Japanese 
Unexamined Patent Publication NO.S797/1 995. The processes are briefly described below. 



(I) First process 



[0024] An aqueous solution containing a titanium-containing oxide is adjusted to a pH of 7-11 preferably 7.5-10. An 
aqueous solution containing a gold compound is added dropwise with stirring to the aqueous solution containing the 
titanium-containing oxide to precipitate gold hydroxide on the titanium-containing oxide. Then the t.tamum-contaimng 
oxide with the precipitate of gold hydroxide is heated to a temperature of 100 to 600°C to deposit and immobilize the 
is ultra-fine gold particles on the titanium-containing oxide. 

[0025] The amount of the titanium-containing oxide to be added to water is not limited For example, a powdery 
titanium-containing oxide can be used in such an amount that the oxide is uniformly dispersed or suspended in water 
suitably in an amount of about 10 to about 200 g/l. When the titanium-containing ox.de is used in the form ol a molded 
product, the amount of the oxide used is not limited insofar as the aqueous solution can sufficiently contact the surface- 
20 of molded products having variable shapes. W/LJA n < \ 

r00261 Examples of the gold compound to be used in the form of an aqueous solution are chloroauric acid (HAuU 4 ). 
sodium C hloroaurate(NaAuCI 4 ).goldcyan,de(AuCN).potass.umcyanoaurate(K[Au(CN) 2 |} trichlorodiethylamineaunc 
acid KC,H s ) 2 NH.AuCI,| and like water-soluble gold salts. There is no limitation on the concentration of the gold com- 
pound in the aqueous "solution to be added dropwise A suitable concentration is in the range of about 0.1 to about 

'* ?0027] m °An alkali compound is usually used to adjust a solution containing the titanium-containing oxide to the specified 
pH range. Examples of the alkali compound to be used are sodium carbonate, sodium hydroxide, potassium carbonate. 

ammonia and the like . ,L„,„«i..#i«„ 

r0028] The aqueous solution of the gold compound needs to be gradually added dropwise with stirring to the solution 
30 containing the titanium-containing oxide to prevent excessive precipitation of gold hydroxide due to abrupt reaction. 
Usually the time period of dropw.se addition is determinable over the range of about 3 to about 60 minutes depending 
on the amount of the aqueous solut.on to be added dropwise And the rate of dropwise addition is suitably adjusted 
so as to avert the excessive precipitation of gold hydroxide in the liquid phase. 

[0029] The temperature of the solution containing the titanium-containing oxide in dropwise addition is suitably in 
35 the range of about 20 to about 80°C. . 

[0030] The amount of the aqueous solution of the gold compound to be added dropwise is determinable according 
to the amount of ultra-fine gold particles to supported on the titanium-containing oxide. 

r0031] When the titanium-containing oxide naving the gold hydroxide precipitated thereon is heated to 100 to 800 C. 
the gold hydroxide is decomposed, whereby gold is uniformly deposited as ultra-fine particles on the titanium-containing 
40 oxide and is firmly immobilized thereon. The heating time is usually about 1 to about 24 hours. 

(II) Second process 

f00321 An aqueous solution of a reducing agent is added dropwise with stirring to an aqueous solution containing a 
43 gold compound and a titanium-containing oxide with a pH of 7 to 1 1 (preferably 7 5 to 10) to deposit ultra-fme gold 
particles due to reduction on the surface of the titanium-containing oxide and to immobilize them on its surface. 
r0033] As to the gold compound, the titanium-containing oxide and the pH-adjusting alkali compound, the same 
species exemplified above for the first process may be used ,n the second process. The amount of the t.tan.um<:on- 
taining oxide to be used in the second process may be the same as in the first process. A suitable concentration of 
so the gold compound in the solution to be used in the second process is about 1 X 1 0* to about 1 X 1 0 * mol/k A proper 
reaction temperature of the aqueous solution containing the titanium-containing oxide is about 0 to about 80 C. 
[00341 Examples of useful reducing agents are hydrazine, formalin, sodium citrate and the like. The concentration 
of the reducing agent in the solution is about 1 X 10-' to about 1X10-3 mol/l. A suitable amount of the aqueous solution 
of the reducing agent to be used is about 1.5 to about 10 times the stoichiometric amount. The aqueous solut.on ot 
ss the reducing agent needs to be gradually added dropwise to avert abrupt deposition of gold from the reaction mixture. 
The dropwise addition is usually carried out over a period of about 3 to about 60 minutes. 

f003Sl The obtained titanium-contain.ng oxide having ultra-fine gold particles immobilized thereon can be used as 
such at room temperature. However, when used at a high temperature, the titanium-containing ox.de hav.ng ultra-fine 
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gold particles immobilized thereon is des.rab.y heated to almost the same temperature as the reaction temperature 
before use in order to improve the stability of the catalyst at a high temperature. 

(Ill) Third process 

5 f 00361 A carbon diox.de gas is blown into an aqueous solution containing a gold compound and a titanium^ontaining 
ox^with aTn o. at leasfn (preferably 11 to 12). or an acidic aqueous solution is gradually added dropw.se ^w.th 
st* 2c To the a pu eous solution to decrease the P H to 7-1 1. thereby precipitating gold hydrox.de on the t,an,um<on- 
Sning ox.de. Thereafter the t.tanium-containing oxide is heated to 100 to 300-C to depos.t u.tra-f.ne gold part.c.es on 

W So^^ g^^ r ,,tanium-contain,ng ox.de and the alka.i compound, the same am = of the 
same spec.es as used in the first process may be used in the third process. Suitably the aqueous solut.on conta.n.ng 
the titanium-containing oxide is used in the reaction at a temperature of about 20 to about bUU 
00 8] Tthe third process, the gold compound in the aqueous solut.on con,a.n,ng the «^^««run£ , ox.de 

,5 needs to remain dissolved therein as the complex ions having hydroxy, group excessively bonded hereto. Conse 
quen y ThLTH of the aqueous solution containing the „,anium-contain,ng ox.de is adjusted to at least i 1 and controlled 
Lch thauhe gold compound is dissolved as hydroxyl-conta.ning complex ions according to the gold compound to be 

ro S 0391 A carbon d,ox,de gas is blown into the aqueous solution in such state, or alternatively an acidic aqueous 
2 o Sn is gradually added dropw.se to the aqueous solution to slowly lower the P H oMhe so, non to7-11. whereby 
cold rwdrox.de .s prec.pitated on the surface of titanium-containing oxide as a core and adheres thereto. 
[£.40] \ Te ra«e Tb.owing a carbon d.ox.de gas is not lim.ted and ,s ,n the range where.n the react.on m.xture ,s 

[oClT^ b stfu.a d c,dic aqueous solut.ons indude. for example aqueous solut.ons o. nitric acd. hydrochlonc acid, .uj- 
25 unc acid acetic acd or the like. These acidic aqueous solutions can be used in a concentration of about 1 X O to 
about X 1 0 3 m5 The amount of the solution to be added dropw,se ,s in the range where.n the solut.on con.a.ning 
fhe ti anfum containing oxide is not given a pH of less than 7 The time period of dropw,se addifon can be suitably 
deterrnedover L range of about I to about 60 minutes according to the amount of the solut.on to be added so as 
to avoid excessive precipitation of gold hydroxide in the liquid phase. 
30 0042 Then when the titan.um-conta.ning oxide having the gold hydrox.de precip.tated thereon » heated o 100 to 
the go,d hydrox.de ,s decomposed, whereby gold is uniform.y deposited as »"**™W**on*» '"a™" 1 " 
Snta^nmg o'xide and is f,rm,y immob.lized thereon. The heating time ,s usuaUy about 1 1 » about 24 ho r 
T00431 Preferably the aqueous solution containing the titanium-contain.ng oxide is stirred for about 30 m.nutes to 
Lbou' 2 hoSl f afS completion of dropwise addit.on of the solution or gas blowing to precipitate the gold compound 

hav^q ultra fine gold particle, immobilized thereon using a vapor o, organic go,d complex which process is disclosed 
i SI Unexamined Paten, Publication No.l2247B/l997. The disclosed process is briefly described below 
004 5 T!n this process vaporized organ.c gold complex is adsorbed on a titan.um-con.ainmg oxide under reduced 
,o Jessie and he^ed to 100 to 700°C giv,ng titanium-containing ox.de hav.ng ultra-f.ne gold particles .mmob.l.zed 

SoiT Useful organ,c gold complexes are not limited .nsofar as they are volatiie ^ « made of at 

least one of (CH 3 ) 2 Au(CH 3 COCHCOCH 3 ). (CH 3 ) 2 Au(CF 3 COCHCOCH 3 >. (CH 3 ) 2 Au CF 3 COCHCOCF 3 ). (C 2 H 5 ) 2 Au 
, rH rnrHroCHo) <CH^Au(C R HcOOCHCOCF 3 ). CH 3 C,AuP(CH,) 3 . and CH 3 AuP(CH 3 ) 3 . 

0047? Be?o?e use. me ^'anium-clntam.ng oxide' may be heat-treated at about 200»C to remove water or the like 



45 [0047] 
from it: 
[0048] 



[00481 The organic goia compiBA i vd K ^..^w w, ■ - - ,.e,.aiiv shout 

s in the range which will not cause abrupt vaporizat.on and adsorption, or decompos.fon. ^^^^^ 
0 to about 90°C. The vapor.zation can be effected under reduced pressure rang.ng from about 1X10 to about 2 X 



50 rOM?" The vaporized organic gold complex is adsorbed on a t,tan.um<ontaining ox,de under reduced P^surejhe 
Sunder 'rlS prLsure^used herein refers to the pressure below the 

■ ror,™ nf ^hn.it 1 X 1 0- 4 to about 200 Torr The amount of the organic gold complex to oe usea is vdriduiu 
Sepe S nd * -« ^ ^ g"d co'mpJtoTe used and , su.tably ad.usted to the amount fnaHy corresponding to the 

55 SegoS amount oHmmo'dUized gold. The pressure may be adjusted by. e g. a <™««™^£^ nM , n 
rOOSOl Subsequently the t.tan.um-coniaining oxide having the organic gold complex adsorbed thereon > hea e Q ,n 
Lt fo about 100 trabout 700°C. preferably to about 300 to about 500°C. Thereby the organic components .n he 
orgln.c gold complex are decomposed and oxidized, and the organic gold is reduced to gold, wh.ch .s then deposited 
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as ultra-fine particle on the titanium-containing oxide and immobilized thereon. The heating time can be suitably de- 
termined according to the amount of the gold complex to be immobilized, heating temperature, etc. It is usually in the 
range of about 1 to about 24 hours. In this way. the procedure gives a titanium-containing ox.de having ultra-fine gold 
particles immobilized thereon. „ „. 

-s F00511 in the foregoing process, the titanium-containing ox.de may be surface-treated by heating usually at about 
1 00 to about 700°C before adsorption of organic goldcomplex. The surface treatment can be effected in the atmosphere 
of oxidized gas or reducing gas. When the surface treatment is conducted, the amount of defective portion and the 
state on the surface of titanium-containing oxide are more easily controlled, thereby making it possible to more finely 
control the particle size and the amount of gold particles to be immobilized. 

to [0052] Useful oxidizing gases include conventional ones such as oxygen gas. nitrogen monox.de gas. etc. Useful 
reducinq qases include conventional ones such as hydrogen gas. carbon monoxide gas. etc. 

[0053] According to the gold-precipitating process and the organic go.d complex-vaporizing process described 
above ultra-fine gold particles can be firmly immobilized on the titanium^ontaining oxide in relatively uniform distri- 

,5 rOOM] When said catalyst is used as immobilized on the carrier, a suitable process is one comprising causing a 
itan.um-containing oxide to become immobilized on a earner and then immobilizing gold particles on the oxide. To 
mmobilize the gold on the t.tanium-containing oxide supported on a carrier the carrier having the t.tan.um-conta.n.ng 
oxide supported thereon can be used in place of the ...anium-containing ox,de in the gold-precip.tat.ng process and 
the organic gold complex-vaporizing process described above. The gold-precipitating process ,s advan tageous in hat 

*o the ultra-fine gold particles are immobilized only on the titanium-containing oxide (espec.ally in the position of titanium 
ions) while being scarcely deposited on the earner. When a earner consisting of or containing silica ,s used, he gold- 
precipitating process is pronouncedly advantageous in that ultra-fine gold particles can be immobilized only on the 

titanium-containing oxide with a high selectivity. 

[0055] Discussed next is a method of partial oxidation of hydrocarbon using a catalyst compr.smg ultra-fine gold 

2S particles immobilized on the titanium-containing oxide. oK „..t 1 1« =>h™,t 

mOS61 Examples of hydrocarbons useful as the raw material are saturated hydrocarbons having about 3 to abou 
2 carbon atoms and unsaturated hydrocarbons having about 2 to about 12 carbons When the reaction ,s earned out 
in a gaseous phase, it is suitable to use a hydrocarbon having 6 or less carbon atoms the reaction product of which is 

easijeiesorbedtromthe^^ 

so saturated hydrocarbons such as propane, n-butane. .sobutane. cyclobutane. n-pentane. 2-methylb «^*^pen- 
tane. n-hexane. 2-methylpentane. 3-methylpentane. cyclohexane. etc. and compounds having a doub e bond, as un- 
saturated hydrocarbons, such as ethylene, propylene. 1 -butene. 2-butene. isobutene 1 -pentene. 2-pentena 2-methyl- 
1 -butene 3 methyl-1 -butene. cyclopentene. 1 -hexene. 2-hexene. 3-hexene. 2-methyM -pentene 3-methyl-1 -pentene. 
cyclohexene. l-methyl-l-cyclopentene. 3-methyl-l -cyclopentene. 4-methyl-1 -pentene^ etc. oxidalion 
r00571 When a saturated hydrocarbon is used as the raw material, a ketone ,s predominatly produced by oxidation 
of secondary carbon-hydrogen bond, while an alcohol is predominantly produced by oxidation of tertuary carbon-hy- 
drogen bond in the oxidation of carbon-hydrogen bond, reactivity is higher in the order of tertiary carbon, secondary 
carbon and primary carbon. Substantially no reaction is induced by oxidation of primary carbon-hydrogen bond 
mosaj When an unsaturated hydrocarbon ,s used as the raw material, an epox.de is produced with a h.gh setoct^ 
0059 The catalyst to be used in the process of the invention comprises ultra-fine gold particles immobilized on the 
itanium-contain.ng oxide. The amount of the catalyst to be used is not limited, but practically it is suitable tc .use the 
catalyst in the amount range wherein in an gaseous-phase reaction, a space velocity (SV) ,s in the range of about 1 00 

to about 10000 hr 1 «ml/g«cat. , r „^,,„ ir ,„ 

fOOeOl In the present invention, a hydrocarbon is essentially ox.dized with oxygen in the presence of a reducing 
compound. The contemplated oxygen-conta.ning compound can be obtained by oxidation in the presence ol s .reducing 
compound in a wide temperature range with a high selectivity and a high conversion. Theref ore even j^en s . wide 
variety of hydrocarbons having different reactivities are used as the raw material, .he contemplated oxygen^onta ning 
compound can be obtained a. a proper.y selected react.on temperature with a high se.ect.vity and a h.gh conversion 
for a long term. Furthermore, the catalytic activity is scarcely diminished in the process of the .nvent.on. so that the 
so oxygen-containing compound can be produced with a stable conversion for a long term. nrP<5Pnre of 

[0061] On the other hand, if a reducing compound is not used, namely if the react.on is effected ,n the p esenc o. 
he catalyst using a mixed gas containing oxygen, hydrocarbon and opt.onally a diluted gas. a reaction star ts to Proceed 
at 200-C or more, but produces mainly carbon dioxide without producing the desired product of partial oxidation at all 
So62] When hydrogen is used in place of a reducing compound, a product of partial oxidation is produced ,n a limited 
S5 emperature rang'e. I. a reaction is conducted in th,s ease at too high a temperature. ^^J^^Z 
forming carbon dioxide while oxidation of hydrogen to water proceeds in an increased degree, lead ng ^ tc » a ^ lower 
conversion to the desired product of partial oxidation Further, when hydrogen is used along with the catalyst containing 
a Zn urn oxide or a titanium-containing complex oxide, the catalytic activity is lowered with time, resulting ,n a decrease 
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m0631 Ver |T°s n d e sirable in the present invention to use. as a reducing compound, e.g. carbon monoxide, nitrogen mon- 
oxide dinitrogen monoxide or like reducing inorganic compounds, alcohols, aldehydes, phenols, formic acids, oxalic 
acids or like reducing organic compounds. These reducing compounds can be used either alone or ,n combination. 
■ 5 r00641 Among these compounds, useful alcohols can be any of primary alcohol, secondary alcohol and ternary al- 
cohol Suitable examples are methanol, ethanol. 1-oropanol. 2-propamol. 1-butanol. 2-butanol. 2-methyl-2-propanol 
and cyclohexanol. Useful aldehydes are. for example, formaldehyde, acetoaldehyde. propanal. 2-melhylpropanal, ac- 
rolein methacrolein and benzaldehyde. Useful phenols are. for example, phenol, o-. m-orp-cresol. 2.6-d.methylphenoL 
p-hydroquinone and o-resorcin. Useful formic acids are. for example, formic acid, methyl formate, ethyl ormate and 

w like esters of formic acid. Useful oxalic acids are. for example, oxalic acid, dimethyl oxalate, diethyl oxalate and like 
esters of oxalic acid Useful cyclohexadienes include, for example. 1 3-cyclohexadiene and the like. 
rooeSl The amount of the reducing compound to be used in the invention is not limited. Under the reaction condit.ons 
under which the raw materials and the reducing compound are vaporized, usually a suitable volume ratio of reducing 
compound/raw materials is in the range of approximately from 1/10 to 100/1 Generally the larger the proportion of the 

.s reducing compound is. the higher the reaction rate is. Thus, it is desirable to select a larger proportion .n said range. 
r00661 The amount of oxygen to be present in the invention is not limited. Yet a suitable volume ratio of oxygen/raw 
materials is in the range of approximately from 1/10 to 10/1 Below the range, a product of partial oxidation is formed 
undesirably in a reduced amount. On the other hand, above said range, a product of partial oxidation .s produced at 
a lower selectivity (increased amount of carbon dioxide produced) without increasing the amount of the product. Hence 

r00671 de Tne^eaction temperature in the invention ,s suitably in the range of about 30 to about 300»C. preferably about 
SO to about 250°C According to the invention, a product of partial oxidation can be obtained in such wide temperature 
range at a high conversion and a high select.vity due to the presence of the reducing compound. A suitable reaction 
temperature can be determined according to the reactivity of the hydrocarbon used as the raw material. 

25 r00681 When the oxidation reaction of the invention is earned out in a gaseous phase, a reactor provided with the 
catalyst of the invention is charged with a mixed gas containing a hydrocarbon, a reducing compound, oxygen and 
optionally a diluted gas (such as nitrogen, argon, helium, carbon dioxide and the like) Then the reaction is ^conduc ed 
under the specified conditions. The mixed gas to be suppl.ed may con.a.n hydrogen. In the oxidation react .or .of the 
invention in a gaseous phase, a reducing compound is used wh.ch is vaporized under the specified reacfor ' condmons^ 

30 |, is desirable to select a temperature at which a reaction product exhibits the desired volatility under the spec, .ed 
react.on pressure (usually about 0.01 to about 1 MPa) to facilitate the desorption of react.on product from the catalyst 

r00691 When the reaction of the invention ,s conducted in a liquid phase, a reaction temperature of 100»C or less 
can be employed in most cases because of non-necessity of removing the reaction product from the catalyst layer. In 
35 the liquid phase reaction, a reaction pressure and a reaction temperature are selected from the ranges in which the 
raw materials can be held ..quid or the reaction is performed by bubbling a mixed gas of the raw matenal. a reduc.ng 
compound, oxygen and optionally a diluted gas in the presence of the catalyst suspended in a solvent (such as benzene 
and hke hydrocarbon solvents, methylene chloride and like ha.ogenated hydrocarbon solvents). The m.xed gas to be 

,o looT Tut cTa.ys". K^ed in the invent.on shows a h.gh act.v.ty and a high selectivity lor part*, oxidation of 
hydroLrbon w-Sygen in the presence of a reducing compound due to the synerg.s.ic effect o. the gold and titan.um- 

containinq oxide in the catalyst. r ^ rt ^« ~, ~ 

[0071] The desired oxygen-containing organ.c compound can be stably obtained in a wide temperature ^nge at a 
high selectivity and a high conversion by the partia. oxidation of hydrocarbon using the catalyst of the ,nvent.o ,n the 
,s presence of a reducing compound and oxygen With these advantages, the desired <W9™<°^W«W*c™ 
pound can be produced even from a wide variety of hydrocarbons of different reactiv.ties at a properly selected reac on 
temperature with a high selectivity and a high conversion This means that oxygen-containing organ.c compounds such 
' as alcohols, ketones, epoxides and the like can be produced from a variety of hydrocarbons by a one-step procedure 
with a high selectivity and a stable conversion. 

so 

Examples 

[0072] The present invention will be described below in more detail with reference to the following examples. Example 

1 (Partial oxidation of propylene) / waiipuah n\ 

ss r00731 Dissolved in 1200 ml of distilled water was 1 .0 g (2.43 mmols) of chloroauric ac.d.4 hydrates (HAu04H 2 0). 

li^Lte (6g) Is added a, one time with vigorous stirring. The mixture was stirred for 1 hour at the same temperature^ 
Sini precipitation of gold hydroxide (Au(OH) 3 ) on the titanium-contain.ng s.Hcate. Used as the titan.um-conta.n.ng 
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s.licate was a material wherein mesoporous silica .s partly replaced by titanium atoms (Ti-MCM-41 ) (Ti/Sn [atom ratio) 
-3/1 00) The suspension was left to stand and cooled to room temperature. Then the supernatant was removed. 3000 
ml ol f distilled water was added, the mixture was stirred at room temperature for 5 minutes, and the supernatant was 
removed after standing. The above washing operation was repeated several times, followed by fi UraOon. 
Subsequently the obtained paste was vacuum-dned at room temperature for 12 hours and was red ,n a. at 400 C 
fo 4 hours. Jiving a catalyst comprising ultra-fine gold particles immobilized on the 

amount of the chloroaunc acid used was 8% by we.ght based on the titan.um-contain.ng s,l,cate >l™™£ ^™ 
analysis showed that the amount of the gold immobilized on the maniunr^onta.n.ng silicate was 1 .2 * by 
t00741 Partial ox.dat.on of propylene was conducted with the thus obtained catalyst ^ 

catalytic reactor. Used as the reaction gas were a m.xed gas of argon/CVpropylene at a volume ratio of 70/10/10 and 
a mixed gas of argon/0 2 /CO/propylene at a volume ratio of 70/10/10/10. 
[0075] The reaction conditions were as follows. 

[0076] Catalytic reaction cell: one made of quartz. 6 mm in inside diameter 

[0077] Amount of catalyst: 0.5 g . nnor . , . lir 

[0078] Pre-treatment of catalyst: A mixed gas (argon/Oo in 7/1 proportion) was passed at 300 C for 1 hour. 

[0079] Space velocity: 4000 h ^ml/g-cat 

r0080] Reaction temperature: 100°C ^m^.n color 

0081 Table 1 below shows the propylene convers.on ,n percentage. CO converse in percentage, acrolein selec- 
tivity and propylene oxide selectiv.ty which were determ.ned 1 hour after the initiation of the reaction. 
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r00821 The results of Table 1 reveal the following. When the catalyst comprising gold immobilized on the titanium- 
containing silicate was used, the presence of carbon monoxide contributed to the production of propylene ox.de by 
partial oxidation of propylene and increased the conversion of propylene. 



RMMiOCIO <EP 00164O3A2.l_> 



EP 0 916 403 A2 



Example 2 



■ c*,™«io 1 r^rtiai oxidation of propylene was conducted 

s a volume ratio of 7/1 /0 5/1 

r00841 The reaction conditions were as ?c <ows. omolor 
[0085] Catalytic reaction cell: one made o. quartz 6 mm .n mside d.ameter 

gSS! "irratalvs?. A mixed gas ( aroon/0 2 ,n 7/1 proportion, was passed at 300'C ,or 1 hour. 
io [0088] Space velocity: 4000 h-'-rnkg-cat 

[0089] Reaction temperature: 100 8 C. 120 C and l uu u no conversion in percentage, propylene oxide 
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[0091] The results of Table 2 show the following. When the catalyst comprising gold immobilized on the titanium- 
containing silicate was used, the presence of nitrogen monoxide contributed to the control of reaction at a relatively 
high temperature and increased the yield of propylene oxide 
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Example 3 

[0092] Used as the t.tanium-containing ox.de was titania-s.lica (silica earner manufactured by Fuji SHys * ^emtol 
Ltd 1 o by we.ght of TiO a immobilized on Cariact Q-10). A catalyst comprising ultra-f.ne gold particles .mmob.hzed 
on the Wanium-conta.ing ox.de was produced by the same precipitation method as in Example i. Analysis showed 

that the amount of gold immobilized on the oxide was 0.2% by weight. 

Z£] Using this catalyst, partial ox.dation of propylene was conducted us.ng a fixed-bed low-system catalyse re- 
actor Used as the reaction gas was a m.xed gas of propy.ene/Oyargon/2-propano. at a volume ratio of 
9.7/9.7/68.1/12.5. 

[0094] The reaction conditions were as follows. 

Catalytic reaction cell: one made of quartz - mm in inside diameter 

F^Slm^oT'cata.^: A m.xed gas (argorvO, in 7/1 proportion, was passed a. 300°C for 30 rn.nu.es. 
Space velocity: 4000 h'^ml/g-cat 
Reaction temperature: 160°C and 200 3 C 

TaWe 3 below shows the propylene conversion in percentage, yield of propylene ox.de and conversion ,n 



[0095] 
[0096] 
[0097] 
[0098] 
[0099] 
[0100] 



percentage of 2-propanol to acetone which were determined 1 hour after the initiation of the reaction. 



Reaction temp. 
<°C) 


Propylene conversion i°o) 


Propylene oxide yield (%) 


Conversion of 2-propanol to 
acetone <°b) 


160 
200 


0.15 
0.28 


0 13 
0.21 


40.2 
68.4 



Comparative Example 1 

[0101] The partial oxidation of propylene was conducted in the same manner as in Example S ! witr i the , exception of 
usina as the reaction gas. a mixed gas of P ropylene/0 2 /argon/2-propanol at a volume ratio of \^ /111/77 8/C \ , or 
[ 0 To2] Table 4 below shows the propylene conversion in percentage and yield of propylene ox.de wh.ch were deter- 
mined 1 hour after the initiation of the reaction 



Table 4 


Reaction temperature ( 3 C) 


Propylene conversion (°o) 


Propylene oxide yield (%) | 


160 


0 1 


0.0 


200 


0.4 


o.o 1 
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Example 4 

[0103] The partial oxidat,on of propylene was conducted in the same manner as in Example 3 with the exception of 
n^ina a mixed aas of propylene/ 0,/argon/methanol at a volume ratio of 5 4/5.4/75.6/1 3.6 

0 041 TabTe below shows ^"propylene conversion in percentage, y.eld of propylene ox.de and conversion in 
Percentagfdrmethano, to formaldehyde and CO, wh.ch were determined 1 hour after the initiation of the reaction. 

Table 5 _==^= 



Propylene oxide yield (%) 
0.16 




Conversion of methanol to formaldehyde and CQ X (%) 
18.5 



Claims 



1 A catalyst suitable for use .n the partial oxidation of a hydrocarbon in the presence of a reducing agent, the catalyst 
comprising ultra-fine gold particles immobilized on a titanium-containing oxide. 



2. A catalyst according to claim 



1 . wherein the ultra-fine gold particles have a particle size of 10 nm or less. 
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3. A catalyst according to claim 1 or claim 2. where.n the titanium^ontaining ox.de is at least one oxide selected from 
titanium oxide, titanium-containing complex oxide and titanium-containing silicate. 

4 A process for preparing an oxygen-containing organic compound, which process comprises oxidizing a hydrocar- 
bon with oxygen in the presence of the catalyst as defined in any one of claims l to 3 and a reduc.ng agent. 

5 A process according to claim 4. wherein the reducing agent is at least one compound selected from carbon mon- 
oxide, nitrogen monoxide, dinitrogen monoxide, alcohols, aldehydes, phenols, formic acids, oxalic acids and cy- 
clohexadienes. 

6. A process according to claim 4 or 5. where.n the organic compound is an alcohol and/or a ketone which is produced 
by partial oxidation of a saturated hydrocarbon. 

7. A process according to claim 4 or 5. wherein the organ.c compound is an epoxide which is produced by partial 
oxidation of an unsaturated hydrocarbon. 

8. Use of a catalyst as defined in any one of claims 1 to 3 in the partial ox.dation of a hydrocarbon in the presence 
of a reducing agent. 
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